The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. The aim of this project was to develop inverse design methods capable of designing optimized molecular species and materials. The project involved the development of continuous, integer, and hybrid molecular optimization methods that allow the identification of optimal target species. A component of this project involves the synthesis and characterization of these candidate materials. The target property in this project is the nonlinear optical response of organic species. The outcome of this project was a suite of methods useful for the design and 
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Statement of the problem studied. This project, supported from 2004 to 2009, aimed at developing theoretical tools to assist in the design of real optimal molecular structures and materials. That is, the project combined state of art quantum chemical methods with newly developed approaches to property optimization in order to establish an "inverse design" framework for designing optimal molecular structures. The majority of the research was theoretical in nature and was performed at Duke University. A limited investment was made in synthetic methodology and in the development of state-of-art characterization methods (through collaborations with the Therien and Clays groups). Our targeted property was the molecular first hyperpolarizability, known as .
Summary of the most important results and Bibliography
Our progress on the theoretical front was particularly noteworthy. In this final report, we present a chronological summary of our project, emphasizing our key developments and discoveries in the context of our published contributions:
2006
 M. Wang, X. Hu, D.N. Beratan, and W. Yang, "Designing molecules by optimizing potentials," submitted to J. Am. Chem. Soc., 128, 3228-3232 (2006) .
Our first, and perhaps our key contribution, was to establish a new theoretical methodology to map the challenge of discrete chemical optimization onto a problem of continuous optimization. This was accomplished with our "linear combination of atomic potentials" (LCAP) approach, described in a 2006 Journal of the American Chemical Society publication. To date, this paper has been cited 37 times, and it was highlighted in numerous periodicals. This contribution defined the core continuous optimization approach used in much of the project.
2007
 S. Keinan, X. Hu, D.N. Beratan, W. Yang, "Designing molecules with optimal properties using the linear combination of atomic potentials approach in an AM1 semiempirical framework," J. Phys. Chem. A, 111, 176-181 (2007) .
In 2007, we expanded the LCAP approach to semiempirical electronic structure methods, allowing the exploration of much larger molecular spaces. This paper also provided the first exploration of mixed discrete optimization methods with property gradient guided approaches. 
2008
